Abstract-The topic of nanodielectrics is one that has grown enormously in importance since Lewis first introduced the concept of a nanodielectric in 1994. However, while nanodielectrics exhibit great promise, changes in macroscopic physical properties are determined by dispersion, and therefore it is imperative that reliable methods are available for the cost-effective determination of the dispersion state of the nanofiller in the host polymeric matrix. This paper details an investigation into the rheological response of PEO / montmorillonite (MMT) nanocomposites; MMT is a polar material and is therefore relatively compatible with aqueous systems. Three molecular weight PEOs were used -100,000 g mol'1, 400,000 g mol-1 and 1,000,000 g mol-1. The rheological behaviour of a range of systems containing various levels of MMT were then studied, with the twin objectives of (a) producing materials with different shear histories and different degrees of MMT dispersion for study as described elsewhere [1] and (b) to explore rheological response as a practical means of determining the dispersion state of a nanofiller in a liquid polymer. This would have great practical utility as a quality control device in, for example, the production of epoxy-based nanodielectrics. In this paper we concentrate on the latter aspect of the work and describe the effect of polymer molar mass, polymer concentration, imposed shear history and nanofiller loading level on the rheological behaviour of the system. molecular weight can be inferred from rheological analysis.
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A poorly mixed nanocomposite will show a larger variation in properties across the material compared to a well dispersed composite [2, 3] . The results obtained have been analysed using the Ostwald-de Waele power law, Carreau model and the De Kee equation. With the addition of MMT to the host matrix it is seen that the viscosity in solution barely deviates from that of the virgin PEO. When using higher molecular weight and higher concentration solutions, a trend of increasing viscosity was observed as expected.
Polyethylene oxide (PEO) is one of the most studied hydropolymers, drawing great interest from the scientific community. PEO is a polymer that has been used extensively as a model system for fundamental studies and which finds technological uses in, for example, lithium polymer cells. As a water soluble polymer that is readily available in a wide range of molar masses -from -100 g mol-1 to nearly 10,000,000 g molP1 -it constitutes an ideal system to study solution processes in systems with very different viscosities.
II. EXPERIMENTAL I. INTRODUCTION Polymer nanocomposites have attracted great interest over many years, because of the enhanced properties exhibited by such systems. Whenever nanoscopic fillers are added to a host polymer matrix, dispersion is of critical importance since, while well dispersed nanophase may be beneficial, poor dispersion can have negative consequences. Hence, for the nanocomposites to be used appropriately and provide the best properties, a method for observing the dispersion within the matrix is useful. Despite this, evaluating the dispersion of nano-additives in the bulk is far from straight forward using conventional solid-state materials characterization techniques. This study set out to consider the influence of nano-additives on the flow behaviour of polymer solutions. The objective was to investigate the extent to which dispersion of nanofillers and effect of host The main aim of rheometry is to characterise fluid or solid properties when dealing with a system containing a number of components. However it has also been known to aid in mixing as well as providing the aforementioned data [4, 5] . The rheometer used here was a RHEOLAB MCI Paar Physica. The PEO was supplied by Sigma-Aldrich, as was the MMT (aluminium pillared clay), both in granular form. Samples were mixed in glass flasks, which were cleaned using hot water with commercial detergent and then rinsed with distilled water. The flask was weighed, 20 ml of distilled water added, the flask reweighed and then PEO added by a weight-weight ratio in accordance with Table 1 . For some samples, MMT was then weighed and added in a weight percentage relative to the PEO weight present. Initial hand mixing provided basic dispersion. For higher molecular weight solutions a longer mixing time was required before the solution was visually dispersed. To counter any water lost through evaporation, the flask's total weight was recorded and checked, with addition of distilled water when necessary. Process one provides rheological characterisation of the initial dispersed system. Process two then holds the system at a fixed shear stress and should achieve further dispersion followed by a ramp down as process three. If any additional dispersion has been achieved by the rheometer it should be apparent during process three. One of the simplest models to account for nonNewtonian behaviour was proposed by Ostwald-de Waele. This can be expressed mathematically as a power law equation, shown below.
r= Kxyn° ( 1) Where, r represents shear stress, y represents shear rate, K is a parameter related to viscosity (larger K represents higher viscosity) and nO is a parameter defining the measure of distortion from a Newtonian fluid [7] . Although previous work by Lewandowska [8] showed that data on polyacrylamide followed the power law, preliminary results obtained by Matheson [9] on PEO suggest that this may not be the case. Rather, The proposed 3 parameter hyperbolic function provided a much better fit for all samples, Fig. 8 , including varying viscosities, and gave much smaller residuals. This function could, and subsequently was, differentiated to calculate viscosity data for samples after close inspection of the output viscosities from the Rheolab software suggested that the algorithm used to calculate the values was inappropriate. A large discrepancy seen in Fig. 9 suggests that the software is using an inaccurate method for calculating the viscosities, thus viscosity data were generated for all samples using the differentiated 3 parameter hyperbolic. The Carreau model gave an acceptable fit for higher viscosity samples showing shear thinning, but failed completely for low viscosities, as shown in Fig. 10 . The De Kee model however, fitted all data to a high level of precision, including the low viscosities that the Carreau model failed to represent, as seen in Fig. 11 . Close inspection of the viscosity log graphs show that addition of MMT clay appears to make little to no apparent change to the viscosities, suggesting that the mobility in the systems and subsequently the viscosity is dominated by the polymer chains. The increasing viscosity with molecular weight is as expected; work by Lewandowska [8] and Ma [10] suggested that as molecular weight is increased, an increased entanglement of chains leads to a higher viscosity and a broadening of the shear thinning region.
IV. Conclusions
Although the molar mass and concentration dependence of the viscosity data shown by this investigation are as anticipated, the lack of any apparent effect of the included filler is somewhat surprising. This suggests that the mobility of the system is unchanged with addition of MMT. 
